Pneumologia
Introduction
Pulmonary tuberculosis (TB) is an infectious contagious disease produced by bacteria belonging to Mycobacterium tuberculosis group (1) . It is a major public health problem, being one of the top 10 causes of death worldwide. Now, the TB incidence is falling with 2% per year, but the goal of End TB strategy is to reach a 4-5% annual decline. An estimated PR programmes improve symptoms, exercise capacity and social integration (8) (9) (10) .
Pulmonary rehabilitation in the active phase of tuberculosis
In the active phase of TB, due to the intense chronic inflammatory syndrome that induces the release of many cytokines, tumour necrosis factor alpha (TNFα) and interleukins, patients claim weight loss, asthenia and exercise dyspnoea. Thus, inclusion of patients with TB in PR programmes is indicated due to high degree of physical and mental deconditioning. The medical recovery of these patients is complex, aiming to reach the maximum level of independence and community reintegration after hospital discharge.
Exercise
Typically, prolonged bed rest and avoidance of the exercise are recommended for patients in the active phase of TB. Although avoidance of intense exercise may be justified in some special cases (e.g. severe haemoptysis), in cases of normal TB, it may not represent an indication. It was reported, in one of the first studies in this area followed for 7 years, that 454 patients with TB placed on a programme of exercise combined with drug TB therapy. The programme consisted of exercise for arms, shoulder, elbow, knee (light and heavy exercise alternatively), bicycle exercise and occupational therapy. The results showed that early start of a complex PR programme may allow a social and work reintegration of patients with TB after hospital discharge (11) . In the active TB phase, the exercise proposed may be light in first few days, starting with passive exercise (elongations of the limbs while standing in bed), followed by activeassisted and active exercise. In physical therapy, the patient's condition will be taken into account by trying to establish a patient-friendly programme. Exercises at a slow pace will be preferred first, followed by the increase in the degree of precision and postural control. Over time, the application of motion resistance, which involves an increase in muscle strength that occurs by increasing the number of repetitions, or applying weight, will be taken into account. The exercise must target both upper and lower limbs. When the patient's status is stable, walk test may be used, in the hospital room or corridor, followed by stationary cycling and resistance training. The intensity should be progressively increased, depending on patient's individual tolerance. Additional techniques, such as relaxation, posture and breathing education, to exercise training may be useful. For example, diaphragmatic breathing aims to improve the effectiveness of their contraction by conscious relaxation of the abdominal wall with decreased respiratory effort; it involves inspiration followed by expiration from abdominal 54 million lives were saved through TB diagnosis and treatment between 2000 and 2017 (17 years) (2). Even if specific anti-TB treatment leads to clinical healing and the absence of Koch bacillus in sputum culture; in some patients, anatomical lung destructions can appear, with extensive fibrosis areas. These areas usually respect the territory of former bacillary active lesions, so the lesions can be located on the lung apex or generalized to entire lung. Thoracic post-TB impairment may be present in the bronchial airway, lung parenchyma or pleura. Pulmonary parenchyma affected by TB lesions is replaced by connective tissue, which alters lung architecture. The consequence is the appearance of scars, resting cavities, typically delimited by long-standing fibrous parenchyma strips and fibrosis, or complete lung destruction. In the bronchial tree TB processes may lead to severe alterations of bronchial structure, characterized by bronchial stenosis, bronchiectasis, bronchial fistula and bronchial lithiasis. Bronchiectasis occurs in about 20% of patients with healed pulmonary TB. Broncholithiasis is asymptomatic, but can be clinically evident when it is complicated with broncho-pulmonary fistula. TB pleurisy, despite correct therapy, may also cure with different degrees of fibrosis, leading to pachypleuritis. TB may also influence other parts of the patient's life such as nutritional status, exercise tolerance, muscle strength, psychological status and quality of life (QOL) (3) . In a group of 28 Cameroonian patients with TB, effort tolerance assessed by 6 Minutes Walk Test (6MWT) was decreased compared to control healthy subjects in the first phase of active disease, but after 2 months of specific TB drug therapy the physical capacity improved (4) . The impact of TB on QOL can be assessed with different questionnaires: St. George Respiratory Questionnaire (SGRQ), World Health Organization QOL questionnaire (5), short-form 12v2 questionnaire (SF-12v2) (6) and clinical COPD questionnaire (CCQ) (7) .
Pulmonary rehabilitation in tuberculosis
Treatment of pulmonary TB usually involves a multidisciplinary approach. After the diagnosis and establishment of the therapeutic regimen, the subsequent evolution and the increase of the chances of healing and social reintegration can be done with the help of pulmonary rehabilitation (PR) and in selected cases with thoracic surgery. PR is a multidisciplinary programme, addressed to patients with respiratory impairment who have impaired clinical and functional status with consequences on daily life activities and QOL (8, 9) . This therapy is individualized and involves physical training, psychological counselling, nutritional support, along with compliance with TB drug treatment. In selected patients, muscle action. Later, progressively increasing weights will be applied to the abdomen, performing the same movement. A recently published study in Ukraine investigates the effects of a multidisciplinary rehabilitation programme on 68 newly diagnosed patients with TB. They were divided into two groups, 34 patients each: (1) a control group containing TB drug therapy + usual rehabilitation and (2) a study group receiving TB drug therapy + multidisciplinary comprehensive PR programme. The PR programme included gymnastic, therapeutical massage, physiotherapy, hydrotherapy and therapeutic education. In patients receiving a comprehensive PR programme, there was an increase in lung function, QOL questionnaire (WHOQOL-100 quality of life of the World Health Organization) and cardiovascular and respiratory system status (assessed by hypoxic samples) (5) .
Nutrition
Malnutrition appears to increase the risk of TB; people with a low body mass index are more at risk of developing TB than those with a high body mass index. Moreover, the underweight patients with TB are at risk for delayed healing, TB relapses or increased mortality. The weight loss and muscular mass are associated with fatigue and decreased exercise capacity, and there is a risk for the patient to not recover the body weight at the end of drug therapy, despite receiving correct TB treatment (12) . The initial medical assessment of respiratory patients must include nutritional status, the determination of body weight and body composition. The underweight COPD patients with a BMI lower than 21 kg/m 2 have a decreased percentage of fat mass than normal-weight patients (13) . In the case of TB patients, although fat-free mass (FFM) seems to be in closer relation with physical status and QOL than body weight and fat mass (FM), there is an increase of FM during the healing period (14) . Proper nutrition is an important element in all stages of TB infection. Among underweight patients at the time of diagnosis, those who gain 5% by weight in the first 2 months of treatment have low rate of recurrence than those who gain less than 5% (15) . Nutritional supplementation may have a positive role in these patients recovery. Adding highcalorie supplements for patients with TB in first phase of the treatment has to be shown to have benefits on lean mass, body weight and physical function after 6 weeks (16) . Trials reported that vitamins and minerals (thiamine, vitamins B6, C, E, A and zinc) were effective in improving immune response and the good response to chemotherapy (number of patients with negative sputum) (17) .
Therapeutic education
TB is a contagious disease that induces fear, social isolation and need a long period of drug administration, sometimes with adverse effects. Therefore, therapeutic education is very important, which serves the purpose in explaining the patients and their family about the condition of the disease, the risks of contagiousness, the stages of treatment and prognosis. Proper medical education can influence the patient's adherence to treatment as well as improve the patient's mood and perception of the disease. The educational programme is better to be started in the hospital where it is easier to organize both individual and group trainings. For patients with TB who are active smokers, smoking cessation interventions should be initiated; these had been shown to improve the results of TB drug therapy (18) .
Psychological support
Emotional support must be provided to patients with TB and their families during illness. Receiving TB diagnosis is often regarded by the patient as a real stigma which isolates him from family and society. A community-based study from the World Health Survey on 242.952 subjects showed an incidence of depressive syndrome of 23.7% in patients with TB, compared with 6.8% in the control group (19) . The psychologist can support patients to help reduce misconception and to socially integrate former patients (Table 1) .
Pulmonary rehabilitation in post tuberculosis sequelae
Unlike COPD, in post TB sequelae, there is a lack of studies regarding the effects of PR. Most therapies in this chronic phase of disease include bronchodilators, inhaled corticotherapy, oxygen therapy and in selected cases, surgery (20) . However, the studies performed so far with regard to PR in TB sequelae showed positive results in exercise tolerance, symptoms and QOL (7, (21) (22) (23) . In post TB sequelae, the rehabilitation target two directions: the symptoms related to bronchiectasis and the muscular weakness leading to functional impairment and dyspnoea.
Physiotherapy for bronchiectasis
When the TB heals with sequelae bronchiectasis, symptoms such as bronchorrhea, respiratory infections and haemoptysis may influence the patient's QOL. In these cases, the airway clearance technique is an important therapeutical tool with positive effects: reduced sputum quantity, better ventilation and relief of symptoms (8, 24) . Postural drainage is considered to be the most effective means of ensuring evacuation of secretions from the bronchial tree. Its principle is based on the use of positions that create a gradient of height between the pulmonary segment loaded with secretions and the large bronchial paths and trachea; position favouring gravity action on fluid leakage. The most effective position is tattooed at first sessions with the physical therapist. Sometimes, a few degrees of torso rotation can visibly collapse the evacuation of the secretions (15) . It must be done before a meal, once or several times a day, but not more than 20-30 min, during which time several positions will be used, 5-10 min each. At the end of each position period, the drained region will be tap for 1 min.
Another techniques used to diminish the sputum load are as follows: autogenic drainage, forced expiration, vibrations with special devices and manual procedures such as clapping and percussions. Now we discuss the active cycle of breathing techniques. ACBT is a simple breathing technique used to clear lung secretions, to improve cough efficiency and ventilation. It consists of deep inhalation followed by forced exhalation and cough (24, 25) . Cough education is important for patient with TB and consist of: body positioning during coughing, control of breathing in coughing (slowly nose inspiration, short apnoea and strong air expiration in 2-3 sessions). The goal is to achieve mobilization and secretions removal from the bronchial tree.
Exercise training
The post TB sequelae may have functional consequences such as obstructive or restrictive function and decreased effort tolerance; patients with frequent relapses may have cachexia, asthenia and muscle fatigue. In these cases, there is a rationale for exercise training as part of the rehabilitation programmes (26) . A Japanese study assessed effort tolerance in 10 patients with post TB sequelae by using cardiopulmonary exercise test (CPET) before and after 2 weeks of exercise training. The exercise programme consisted of daily walking in the hospital corridor, and the results were positive: increase of maximum oxygen uptake (from 13.6 ± 2.8 to 14.8 ± 2.8 ml/kg/min, p < 0.01) and 6 MWT distance (from 399 ± 62 to 467 ± 65 m, p < 0.01) (27) . Although there was a small number of patients and the duration was short, this study showed how useful is walking as an exercise. Another prospective nonrandomized open trial which took place also in Japan compared the results of a nine-week outpatient PR programme in 32 post TB patients and 32 COPD patients. The positive effects were similar to the two groups, in terms of exercise tolerance (6MWT distance), dyspnoea (MRC scale) and daily activities scores (23) . A research was conducted in Colombia and assessed the PR effects on aerobic capacity and health-related QOL in eight patients with TB sequelae. It was an 8-week PR programme, including physical aerobic training, therapeutic education and activities of daily living. The sessions took place three times per week. Exercise training was aerobic, performed on a treadmill for lower limb, with training intensity starting from 60% and reaching 90% of the maximum oxygen consumption. The results were positive: increase of peak oxygen consumption (VO2) with 1.7 ml/kg/min, 6MWT distance with 63.6 m and improvement of SGRQ score with 13 points (28) .
Another study performed in Uganda on 34 patients with posttuberculous lung disorder and respiratory symptoms (mMRC dyspnoea score >2) used a 6-week PR programme, two sessions per week. The PR programme consisted of lower limb aerobic training, with intensity seat in order to reach 80% of the peak values obtained at Incremental Shuttle Walking Test (ISWT), and resistance training for upper and lower limbs (weights). Patients received also therapeutic education, regarding long-term effects of TB, self-management and nutrition. Improvements were obtained in QOL (reduction of mean CCQ score from 1.8 to 1.0), exercise tolerance (increase of ISWT distance from 299 to 377 m), diminution of chest pain (from 45% participants to 24%) and haemoptysis (from 17 to 7%) (7) . An outpatient PR programme from India searched for the effects of PR in 29 patients with chronic lung impairment from previously treated tuberculosis (CLIPTB). The PR programme had a 8-week duration, sessions three times per week, including exercise training for lower limbs (ergometry and treadmill) and upper limbs (arm ergometry and weights) and therapeutic education. The intensity of the exercises increased progressively, according to symptoms. The results were positive in terms of 6MWT distance (488 m at baseline vs. 526 m post PR intervention) and chronic respiratory questionnaire (CRQ) score (17.21 at baseline vs. 18.96 post PR) (29) . By resuming, for the evaluation of PR programmes results in patients with TB, the parameters used were as follows:
-exercise tolerance with 6MWT (22, 23, 29) , ISWT (7) and CPET (28) . -QOL with SGRQ (St George Respiratory Questionnaire) (22, 28) , CCQ (Clinical COPD Questionnaire) (7) , WHOQOL-100 (quality of life of the World Health Organization) (5), CRQ (29) .
For establishing the intensity of training, the data from exercise tests may be used, or in the absence, the symptom tolerance.
In the studies published so far, programme design was almost similar to the one recommended for COPD. The length of the PR programme varied from 2 weeks (27) , 4 weeks (30), 6 weeks (7, 30) to 8 (22, 28) and 9 weeks (23) .
Programme Location
The PR programme settings may differ regarding the patient's status and healthcare system possibilities. The old sanatorium providing physiotherapy for patients with TB may be transformed these days in most attractive and modern PR centres (31) . In the active phase, when the patient is contagious, the hospital PR programmes are more suitable (5, 27) . In post TB sequelae, the majority of rehabilitation programmes were conducted in outpatient settings (7, 23, 29) . One pilot study performed in South Africa showed the utility of a 6-week home-based PR programme, in patients with TB (30), while other programme used home-based care programme for multi drug resistant (MDR)-TB patients with TB (32) .
Pulmonary rehabilitation in MDR tuberculosis
MDR-TB patients with TB face multiple challenges, related to destructive effects of the disease on lung function, cachexia and functional incapacity, treatment duration and adverse effects. These patients are hospitalized for a long period of time, which predisposes to the muscle deconditioning but also to depression (33) , social isolation and impaired QOL. The PR programme in their case should be started as soon as their condition becomes stable and include exercise training (aerobic and endurance), nutrition support and psychological counselling. A very important part is represented by the education that aims to improve the long-term adherence to treatment and the participation in daily life activities and social reintegration. The palliative care should also be included in very severe patients with MDR-TB (32, 34 
Pulmonary rehabilitation in tuberculosis pleural effusion
In the active phase of TB pleurisy, the physiotherapy has the role of fibrosis prevention, but also postural and analgesic.
The major position will be in decubitus, but alternating with lateral position and procubitus. The scope is to favour pleural effusion resorption; for the pain massage can be used. In order to mobilize the diaphragm expansion and recovering the lung reserve volumes, abdominal -diaphragmatic breathing, thoracic mobilization against a resistance (manually, with sandbags) can be used. After 1 month, the rib expansion exercise can start asymmetrical suspension with the espalier, swimming (crawl) (36) . Sometimes, there is poor healing with pleural fibrosis and consecutively restrictive syndrome (34) . In these cases, the procedures used by physiotherapist used are breathing education, exercise training, muscle tonifying and hydrotherapy (37) .
Conclusions
Although TB is one of the oldest known respiratory diseases, there are few studies in scientific literature about the effects of rehabilitation programmes in TB. However, these studies are in favour of using PR in TB patients' therapy, with positive effects on symptoms, exercise tolerance and QOL. The indications can be symptomatic patients with lung destruction, reduced pulmonary function, muscle weakness, decrease exercise tolerance and impaired QOL. Still, further studies with larger number of patients and control groups are needed.
The main role of PR seems to be in management of post TB sequelae, but there is positive feedback about the benefits of using rehabilitation from the active phase of disease.
Recovering the physical and functional status of patients with TB, together with psychological support can shorten the convalescent period and help the return to work. The location and the development of these programmes depends on the health care system possibilities, especially since the high incidence of TB is in countries with loweconomic level.
